INTRODUCTION
Therapists, who practice stabilometry during their clinical examinations of functional disorders of the upright postural control system, use platforms that measure only the vertical forces exerted on the platform by the subject standing still. From these measurements, the current softwares calculate what is commonly called the CoP, i.e. the point of application of the resultant of the reaction forces exerted by the platform.
But this CoP is not the projection of the center of mass (CoM) on the plane of the platform. (1, 2) By equating the CoP to the projection of the CoM, a mistake is made that can be of importance. (3) Moreover the mechanical study of the CoP shows that it mixes up two signals: the position of the CoG and its acceleration. The variations of the first are slow, the other is constituted by relatively short impulses of fairly high frequencies. (4, 5) These are indeed two quite different mechanical signals; calculate parameters straight from this sum could mean nothing from a biomechanical point of view.
For instance, what does the speed of this signal mean? (figure 1).
This major defect of the CoP signal has long been known and many solutions have been tried to calculate the position of the CoG starting from the CoP signal. None of these methods are currently in use, the reasons why they are not used have to be discussed, but not in this paper. This paper only aims at explaining the principles and the general process of a new method that firstly deserves being known, well known, discussed and understood before its status inside the standardized clinical stabilometry can be discussed. A link will be given towards a web page where its algorithm, written in Octave language, can be downloaded free.
METHOD
The suggested method uses a biomechanical model. The importance of using a model in clinical stabilometry must be discussed, but that will be done later. The model used here is the very well known inverted pendulum model. Assimilate the human body to a pendulum pivoting around its ankles allows one to write mechanical equations that relate the position of the CoP to the position of the CoG through couples acting on this pendulum. The method uses the equation proposed by Winter and Eng (6) , illustrated in figure 2 .
The body weight, W, and the reaction force, R, opposed by the platform to the weight of the body are two equal forces, opposite, seldom aligned. They act on the pendulum respectively at the distance G and P from the ankle joint. The resulting moment of the couples WG and RP is equal to the moment of inertia of the pendulum, multiplied by its angular acceleration, α":
The oscillations of the human pendulum being of low amplitude at rest, the angle α is not very different from its sinus in these conditions, so the angular acceleration, α", of the pendulum is almost equal to the horizontal acceleration of the center of gravity, G", divided by the distance, h, between the axis of the ankle and the CoM:
furthermore:
where m is the mass of the subject, g: the acceleration of gravity.
So the equation [1] can be written as:
If we write
then the equation [4] becomes :
You need only to solve this differential equation for any sampled positions of the CoP, P j , to determine the position of the CoG, G j , at this moment, t, of the recording. Unfortunately, the equation [6] has an infinite number of solutions, γ i , because we know neither the initial position nor the initial speed of G (even if you know the value of the acceleration of a mobile at every millisecond, you cannot know where the mobile at an instant t is if you do not know where it started from, and which its initial speed was).
But a simple subtraction can solve this problem, because the difference between any two of the solutions, γ i and γ k , for the same P j is singular. Indeed, suppose «d» is the name of the difference between two solutions, γ 1 and γ 2 , of the equation: According to the equation [6] , this difference can be written: 8] or, by replacing γ 1 -γ 2 by d:
The equation [9] describes a function, d, which is equal to its second derivative d". This function is well known and can be written this way :
t: time variable; F : final time; G 0 : initial solution; G F : final solution; n=1/k. G 0 and G F are not known, but it is hypothesized that any G i remains inside the support basis, the subject is standing upright quiet. The calculation of the value of d with different possible values of G 0 or of G F -inside the support basisshows that d is almost null after three seconds, whatever the value chosen for G 0 or G F be ( fig. 3 & 4) . So, except during the first three seconds and the last three ones, all the solutions of the equation [6] are almost equal. In this interval, any solution of the differential equation for each P j , is appropriate. The equation [6] can be expressed best at any moment, j, of measurement by a linear equation, replacing the second derivative with a finite difference approximation.
For j from 1 to n, we can write a system of n linear equations with n unknowns, having a solution, G j , and only one, assuming G 0 and G n+1 are zero. An algorithm to solve this system of n linear equations can be found free at this URL (7) , it is written in the Octave language (Compatible with Matlab) and it is called «SpG_N».
RESULTS
Comparisons have been made between the position of the CoG calculated by this mechanical method and the positions of the CoM measured by an optical mean, the two curves are very close (figure 5), see companion paper. (8) The interest of working with the center of gravity appears obviously from recordings of marksmen while shooting, it is possible to compare the movements of their CdG (position, speed and acceleration) with the movements of the rifle and that led to interesting conclusions for shooters. (9) 
DISCUSSION
The method uses the inverted pendulum model, which is not perfect, but reasonable/satisfactory (10, 11) , moreover, in the field of clinical posturology, we need a model in order to think about the biomechanical problems of the patient.
This method must be used only for subjects standing upright quiet, for two reasons: they must stand as much as possible as an inverted pendulum, and their CoP must be always inside the support basis due to the hypothesis of the calculation.
The experiments of Houel and Stubbe (8) show that in the frontal plane -where the model is good -the method brings about an «excellent» result, whereas in the sagittal plane -where possible movements of the trunk, the arms, the head perturb the inverted pendulum -the result is only «very good».
In the equation [11] the value of G" is replaced by a finite difference approximation. The importance of the error introduced by this approximation was studied according to the sampling frequency. Theoretically the more the frequency increases, the better the accuracy of G" obtained by this calculation is. In fact it can be noticed that between 40 and 300 Hz, the result of the calculation of the position, velocity and acceleration of the CoG varies only just a thousandths (Fig. 6) .
So, from a sampling frequency of 40 Hz., the inaccuracy of the estimation of G" is meaningless.
Another advantage of the method lies in the "k" factor that can be studied in order to improve the taking into account of the anthropometric features of the subject and, doing so, being able to improve the comparisons of the functioning of the upright postural control system between subjects of different heights and coefficients of form. (12) 
CONCLUSIONS
This new method enables to calculate the position of the CoG starting from the vertical forces measured by a force platform, using the model of the inverted pendulum and integrating the anthropometric characteristics of the subjects.
That represents a great step forward in the field of clinical stabilometry for two reasons:
• The stabilometric parameters can be calculated directly from the CoG, which is a great step as the parameters calculated from the CoP -as was common practice - 
Figure 6.
Effect of the sampling frequency on the precision of the method. Abscissa: sampling frequency. Ordinate: rapport between the mean value of the parameter and its value at a particular sampling frequency.
